Glycosaminoglycans (GAG) promote acrosome reactions (AR) in bovine and rabbit spermatozoa in vitro. Female bovine reproductive tract secretions contained GAG and the concentrations and composition of those (gAG varied with different regions and stages of the estrous cycle. This study was designed to evaluate the types of GAG found in reproductive tract secretions of ewes at different stages of the estrous cycle and the ability of the secretions to promote AR. Ewes (n=48) were slaughtered at O, 12, 24, 36, 72 and 144 h following observations of standing estrus. Reproductive tracts were flushed with a modified Tyrode's medium (TALP; 7 ml) not containing calcium. Concentrations and composition of GAG in the tract were determined by high performance liquid chromatography. Concentrations of GAG decreased anterior to the cervix: 2.28 to .74 mg/100 mg protein (P<.05). Increases in heparin-like GAG during the estrual phase and chondroitin sulfate GAG during the luteal phase were noted. Bovine sperm were incubated in tract flushings standardized to contain 4 #g/ml of GAG and supplemented with calcium. Sperm incubated in estrual flushings for 9 h exhibited a higher incidence of AR than those incubated in luteal flushings or control, 50% vs 36% and 29%, respectively (P<.O001). It is concluded that during the estrous cycle there were changes in concentrations and composition of GAG in ewe reproductive tracts and the potencies of those female secretions causing AR varied.
Introduction
The prerequisite for mammalian fertilization is capacitation leading to the acrosome reaction (AR) of spermatozoa (Chang, 1951; Austin and Bishop, 1958 Tel: 608-263-3308. Received November 8, 1985 . Accepted April 21, 1986 (including the AR) continue to elude researchers (Bedford, 1983) . Uterine glycosaminoglycans (GAG) accelerated the conversion of sperm proacrosin to acrosin (Wincek et al., 1979) . Lee and Ax (1984) reported the presence of GAG in the bovine female reproductive tract and their concentrations decreased anterior to the cervix. The GAG chondroitin sulfate A, B, C, hyaluronic acid, heparin and heparan sulfate enhanced the incidence of AR in bovine spermatozoa in vitro (Handrow et al., 1982; Lenz et al., , 1983a Lee et al., 1983; Parrish et al., 1984) . The mechanism by which GAG promote AR is not firmly established. However, some initial studies (Lee et al., 1983; Parrish et al., 1985) suggest that GAG caused capacitation, and in the presence of Ca 2+ AR is initiated. The compound(s) in female secretions that cause capacitation leading to AR is nonspeciesspecific (Bedford, 1983) . Though commercially prepared GAG have been shown to promote AR, the ability of GAG naturally occurring
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in reproductive secretions to promote AR has not been shown. This study was designed to evaluate 1) the concentrations and composition of GAG in flushings collected from ewe reproductive tracts at various stages of the estrous cycle and 2) the ability of those reproductive secretions to promote AR in bull sperm in vitro.
Materials and Methods
Reproductive Tract Sampling. Crossbred ewes (n=48) from the University of Wisconsin sheep farm were used in the study. Ewes were checked for estrual activity twice daily (0600 to 0830 and 1630 to 1700) during the breeding season (September to November 1983) using Suffolk rams. The rams were dressed with canvas harnesses to prevent copulations. Ewes in estrus were sacrificed following electrical stunning at 0, 12, 24, 36, 72 or 144 h after the first sign of standing estrus. Reproductive tracts with the ovaries were obtained and transported in an ice bucket to the laboratory within 5 rain. Each region of the tract: cervix, right and left uterine horns and oviducts, was flushed with 7 ml of a modified Tyrode's balanced salt solution (TALP) without Ca 2+ supplemented with .6% bovine serum albumin, 10 mM HEPES (n-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic acid), .2 mM pyruvate and 21.6 mM lactate, pH 7.35, 295 mOsmol/kg (Leibfried and Bavister, 1981 ) into labeled 17-• 100-mm sterile clear plastic tubes with caps 7 and stored at -20 C. The excess TALP medium was also stored at -20 C and later used as a control sample and to adjust volumes for the sperm incubations. The ovaries were examined for follicles and corpora lutea (CL) to determine the regions of the tracts ipsilateral and contralateral to the pre-ovulatory follicle or the CL. Prior to sperm incubations and GAG analyses, the flushings were thawed and centrifuged at 700 x g to remove cellular debris. Supernatants were transferred into 12-x 75-mm glass test tubes 8, corked and stored at -20 C. Glycosaminoglycan Isolation. Glycosaminoglycans were isolated (Ax and Ryan, 1979) from duplicate 400-/A samples of each flushing, and concentrations were quantitated by high performance liquid chromatography using gel fihration by comparing areas of eluted peaks to GAG standards .
The GAG compositional analyses were performed with remaining samples of flushings after separate aliquots had been used for sperm incubations. Aliquots of flushings were exposed for 6 h (37 C) to chondroitinase ABC (.02 units, Proteus vulgaris 9, hyaluronidase (.02 units, streptomyces hyaluronyticusl~ keratanase (.01 units, Pseudomonas species9), or for 90 min with nitrous acid (1:1 v/v; Meier and Hay, 1973) . After the preceding treatments, the remaining GAG were isolated. Disappearance of chromatographic peaks after exposure to the enzymatic treatments or to nitrous acid was the basis for the identification of the different types of GAG. Heparinase (.02 units, Flavobacterium heparinum n) and heparitinase (.02 units, Flavobacterium heparinum 11 ) were used instead of nitrous acid when the hydrolysates of flushings were to be used for sperm incubations.
Protein Assay. The Bio-Rad protein assay using bovine serum albumin (R1A grade) as standard was used to determine protein concentrations in reproductive tract flushings.
Sperm Incubations. Equal volumes of ejaculated bovine spermatozoa from the same four bulls 12 were used throughout the study. Bull sperm were used rather than ram sperm because the acrosome staining procedure employed has been validated for bull sperm (Lenz et al., 1983a) . Fifteen milliliters of TALP medium without Ca 2 + were added to 4 ml of the sperm suspension and the mixture was centrifuged at 200 x g for 10 min. The supernatant was aspirated and the cells resuspended with 15 ml of that TALP for a second wash. After the second wash the cells were resuspended with 10 ml of that TALP not containing Ca 2+. The sperm cells were then evaluated for viability by Trypan blue dye exclusion, and for motility and concentration by hemacytometer using light microscopy . The final concentration of sperm used in all experiments was 5 x 107 sperm/ml. Viability and motility of sperm were also determined at the end of each incubation.
Sperm were incubated in reproductive flushings standardized to contain 4/~g GAG/ml for 9 h at 37 C. That dose was chosen because most GAG will enhance incidences of AR at that concentration (Lenz et al., 1983b; Lee et al., 1985) . In addition, if potencies of flushings varied, those would reflect compositional changes in GAG rather than a concentration effect. The excess TALP medium without Ca 2 + that was saved and frozen at each time when the tracts were flushed, was used to adjust the necessary volumes for sperm incubations.
All flushings were filtered through .2-#m sterile filter paper 13 prior to use in incubations. In addition, .18 mM Ca 2+ was added to each tube to ensure sufficient Ca 2+ for the incubation. Calcium-free TALP that had been frozen and TALP (with Ca 2 +) made on the day of each incubation experiment were used as controls (appropriate controls are presented as insets in figure 1 ). Flushings from all regions of the tract from all six sampling times were used in each incubation.
Acrosome Staining. Slides of dried sperm smears were stained with naphthol yellow S and erythrosin B as described by Lenz et al. (1982) . That procedure was validated for bull sperm by electron microscopy (Lenz et al., 1983a) and in vitro fertilization (Lenz et al., 1983a; Parrish et al., 1984) .
Statistical Analyses. Data were analyzed using the Statistical Analysis System (SAS, 1982) on the University of Wisconsin-Madison UNIVAC and WlRCS-VAX systems. Due to a possible 12-h error in detection of the onset of estrus, data were pooled and analyzed with regard to estrual (0 to 36 h) vs luteal (72, 144 h) sampling times. A one-way analysis of variance was used to analyze the composition of GAG by stage of the cycle (Steel and Torrie, 1980) . A multivariate analysis with repeated measures (Spector, 1984) was used in analyzing the AR and GAG concentration data since significant correlations existed among different regions of the tract within the same animal for each of those measurements. The Least Significant Difference (LSD) analysis (Miller, 1981) was used for determining significiant differences in GAG concentrations in the different regions of the tract during the estrual and luteal phases of the cycle and for differences in the 13 Acrodisc, Gelman, Ann Arbor, MI.
AR response of sperm incubated in estrual and luteal flushings compared with controls incubated in TALP.
Results and Discussion
Concentrations of GAG in various regions of the reproductive tract flushings decreased anterior to the cervix at all sampling times (P<.05, table 1). No differences existed in the concentrations between the left and right uterine horns or the left and right oviducts. These observations were in agreement with results reported in cattle (Lee and Ax, 1984) . The cervix was the only region of the tract in which the GAG concentration changed significantly between the estrual (0 to 36 h) and luteal (72 and 144 h) phase of the cycle. A twofold increase in GAG concentrations was observed in the cervices obtained at 144 h compared with cervices obtained at other times. The high concentrations of GAG in cervices under progesterone influence probably contribute to the viscous mucus (low spinbarkeit), hence contributing to formation of the cervical plug of pregnancy. Fosang et al. (1984) reported a decrease in GAG concentrations in ewe cervical mucus as pregnancy approaches to term.
Compositional analyses of GAG are presented in table 2. There was a higher proportion (P<.05) of GAG susceptible to nitrous acid in flushings obtained at 0 to 36 h compared with 72 and 144 h following the onset of estrus, suggesting more heparin-like material was present. A greater portion of GAG susceptible to chondroitinase ABC was observed in flushings obtained at 72 and 144 h following the onset of estrus compared with flushings obtained at 9 to 36 h (P<.05), indicating more chondroitin sulfate-like material was present. The compositional values in table 2 did not sum to 100% because the enzymes used are not necessarily specific for a particular class of GAG (Ax and Ryan, 1979) . Although compositional comparisons indicated significant increases of chondroitin sulfates and heparinqike material only in estrual cervical secretions in cows (Lee and Ax, 1984) , that study and this both indicate that proportions of GAG did vary with stage of the cycle. The protein concentrations in reproductive secretions between ewes and between different regions of the reproductive tracts were relatively constant (data not shown), in agreement with other studies (Perkins et al., 1965; Iritani et al., 1969) . Glycosaminoglycans have been identified in tract secretions of rabbits (Jansen and Bajpai, 1982) , ewes (Fosang et al., 1984) , pigs (Wincek et al., 1979) , cattle (Lee and Ax, 1984) , monkeys (Jayaraman et al., 1981; Zachariae and Thorsoe, 1966) and humans (Kitamura et al., 1980; Uldbjerg et al., 1983) . Human cervical columnar cells are capable of secreting GAG (Roelofs et al., 1983) , but cell types involved in GAG production in other reproductive tissues yet to be identified. Zuckerman et al. (1938) reported an increase in GAG accumulation in sexual skin of monkeys at estrus. Estrogens have stimulatory effects on GAG production while progesterone has inhibitory effects in the species reviewed (Zachariae and Thorsoe, 1966) . Figure 1 shows the percentages of sperm exhibiting AR when incubated in flushings standardized to contain 4/~g GAG/ml. Estrual secretions exhibited a greater potency (P<.0001) for enhancement of AR (>50%) compared with luteal secretions (72 and 144 h, 36%) and controls (29%). From the data in table 2, more heparin-like GAG was identified in estural compared with luteal flushings due to nitrous acid susceptibility. Heparin is more effective than chondroitin sulfates or hyaluronic acid to enhance AR in bulls (Handrow et al., 1982) and rabbits (Lenz et al., 1983b) . Therefore, stage of cycle might influence potencies of tract secretions because of changes in composition of GAG. The competence of female secretions to induce capacitation leading to the AR also was dependent on the stage of the estrous cycle in cattle (Didion et al., 1984; Herz et al., 1985) . Sperm incubated in flushings obtained from all regions of the tract from time 0 to 36 h exhibited similar increased frequencies of AR, whereas luteal secretions were less effective. Hence, the endocrinological state of the animal was important if capacita- Tt~ (houra) Figure 1 . Incidences of acrosome reactions in sperm incubated with reproductive flushings standardized to contain 4 #g GAG/ml (n=26 to 30). Inset (controls, n=lS) illustrates acrosome reactions in sperm incubated with TALP frozen with or without Ca 2 + and fresh TALP. Those results were pooled and are presented as the control on the main figure. Time 0 is time of first observed estrus. Times 0 to 36 had higher responses (P<.O001). tion leading to the AR was to occur. This is in agreement with other cyclic animals (Viriyapanich and Bedford, 1981) but not the rabbit (an induced ovulator), whose oviduct remains competent to capacitate sperm in all circumstances (Chang, 1958; Bedford, 1970 Bedford, , 1972 .
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The enhanced ability of the ipsilateral oviduct to the pre-ovulatory follicle to induce AR was reported for cattle (Herz et al., 1985) . That phenomenon was not observed in the present study. Several possibilities could have contributed to the differences, some of which are 1) species differences (mono-vs multipleovulators) and 2) the differences involved between an in vivo study (Herz et al., 1985) vs an in vitro study (ours) . If the component(s) of the female reproductive tract secretions which cause capacitation is endocrinologically controlled, it is unlikely that an ipsilateral effect of the pre-ovulatory follicle could occur. However, an increase in AR in the ipsilateral oviduct is possible when ovulation has occurred, since components of the follicular fluids can lead to enhanced AR (Yanagimachi and Chang, 1963) . Further research is needed to clarify whether the pre-ovulatory follicle plays a role in influencing "capacitation factors" in the female reproductive tract secretions.
While the present study shows that the cervical flushings obtained at estrus are capable of inducing AR, this is unlikely to occur in the natural state. High concentrations of GAG are found in the cervical flushings, and Lee et al. (1985) indicated that high concentrations of GAG prevented AR. It must be noted that the high incidences of AR in cervical flushings observed was probably a result of the concentrations of GAG (4/~g/ml) used in this experiment, and these were within the range capable of enhancing AR (Lee et al., 1985) . The fact that fewer sperm completed the AR in luteal secretions (which also contained 4/~g/ml GAG) suggests that effectiveness of GAG present in female tracts depended upon composition of the GAG per unit concentration, or there are other components of female reproductive secretions that modulated capacitation. It also is tempting to speculate on the existance of "capacitation inhibitory factor(s)" in reproductive secretions under progesterone influence which prevented the capacitation abilities of GAG in those flushings. The possible existence of such factor(s) is currently being investigated.
